voices and the sounds on audiotape, filming the body movements
It is well known that the social development of children is mediated by multiple factors. Among them, external stimuli are most important. This means that the interaction between the child and andther person, particularly with his mother, plays a most significant role in develo~ment. As a hen omen on of mother-V infant interaction, Condon and Sander (3) demonstrated that a neonate could show synchronous body movements with his mother's speech. This fact is generally called "entrainment" of an infant to his mother's speech. In an attempt to corroborate this, we analysed qualitatively and quantitatively the interaction between an infant's body movements and his mother's speech using a microcomputer analysis (TM990/101M).
MATERIALS
Thirty-two full-term healthy infants born at Aiiku Hospital in Japan were subjected to the study at 1-6 days of age (mean: 3 days). Eight of these infants repeated the same study at about 1 month of age.
The newborn infants were examined in an incubator, the temperature of which was about 30°C (86°F). The mother, pediatrician, and nurse were asked to talk with them in Japanese by reading sentence patterns to an infant such as "good boy, good boy" or "hi, hi," and also by free speech to an infant such as "we are going home tomorrow" spontaneously. The mother and infant could observe each other, but they could not touch. In contrast, we took periods while the infant was listening to white noise, tapping sounds, and to nonpatterned sounds. We recorded the of the infant on videotape in order to analyze the relationship.
In about 30 h of whole recorded time, we found 73 periods in which infants did not cry for a duration of 34 sec and during which they continuously kept their eyes open in alert state. Using the electronic computer, we analyzed the relationship between the sounds and the infant's body movements during those 73 periods, which are shown in Table 1 .
METHODS
Theoretical aspects and details of the method will be reported separately (7) . The outline of the method is as follows.
( I ) Quantitative analysis of voices. Figure 1 shows the converted values of voltage from recorded voice on audiotape. In it we can find the sentence pattern of "hi hi" in Japanese. The converted values were divided into every 1/60 sec. The difference between the maximum and minimum level in a divided period of 1/60 sec was automatically measured by the computer. The value was regarded as the intensity of voice V(t).
(2) Quantitative analysis of body movements. The pattern of body movements was taken from only one leg or one arm on videotape as shown in Figure 2 . This is framed by the matrix multiplied 16 by 16, and this matrix changes every 1/60 sec. Each element on a matrix was assessed by the computer whether there was leg/arm or not. The number of changed elements of the matrix was counted every 1/60 sec, and it was considered as the magnitude of body movements Z(t). In order to analyze the correlationship between body movements in the upper and sounds in the lower, we calculated the function by using a spectral analysis. n = 2048, p,-= the mean value of V(t), pz = the mean of Z(t), -3 sec 5 r 5 +3 sec, 0 sec 5 (t + i/60 + T), and (t + i/60) s 34 sec. T is the time difference from the moment when the infant moves to when the adult speaks. Each value of Y(T) means the correlation coefficient of 2048 frames at T sec between body movements and sounds. The function Y(T) drew the cross-correlation graph. The auto-correlation of our data was almost negligible according to the spectral analysis. Three representative cross-correlation graphs are shown in Figure 4 . One peak in the negative area of T value in the upper graph indicates that the body movements of the infant occurred at T sec after being spoken to. The other peak in the positive T in the upper exhibits that the voice followed the body movements. If Y(T) shows the peak value near 0.0 as in the middle graph, it indicates that both infant movements and adult speech occurred at almost the same time. As the lower graph is almost flat, it indicates no correlation between infant movements and noise. was more than 0.057, it was speculated that there was a significant relationship between body movements and voices. The peak in that condition was judged as having a correlation.
RESULTS
(1) The correlation between infant movements and nonhuman sounds. In the 9-cross-correlation graphs that were examined with white noise, tapping sounds, and non-patterned sounds, no significant correlation was found.
(2) The correlation between infant movements and adult speech. Out of 64 cross-correlation graphs, a correlation between infant movements and adult speech was noted in 37 graphs. Compared with result (I), this was significantly different, P < 0.01 by MannWhitney U test. The T value showed the peak distributed in Figure  5 . In it we considered three ranges: -2. Figure it is 14, i. e., Z(t) = 14. Fig. 3 . The magnitude of body movements Z(t) and the intensity of voices V(t). These are derived from a mother's spontaneous speech to her male infant at 4 days of age.
COMPUTER ANALYSIS OF INFANT MOVEMENTS
Y ( T ) . Table 2 . The ratios of the cases showing the peak in each range ( -2 . 4~~5 -0 . 7 , -0 . 3 Table  2 . The upper table shows the ratios of the cases divided into two age groups, and into each sex. The lower shows the ratios in the groups of speech patterns, spontaneous speech, infant's mother, and a doctor or nurse respectively. We could find no significant difference in correlation with the age of the infant, between male and female, between mother's voice and non-mother's, between patterns and free talk. But female infant movements tended to correlate with adult speech more often than male.
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DISCUSSION
In this study, the correlation coefficient of 2048 frames between body movements and speech was evaluated. Every reaction between them was not investigated because body movements and speech might occur unrelatedly. There were no examples that showed a significant correlation between infant's body movements and nonhuman sounds, but at a 1% level of significance there was a correlation between body movements and adult speech to an infant. The time difference, T value was measured. The T values which had a correlation were grouped into three ranges: -2. shows that the infant had a reflex after being spoken to or that the mother reacted just after the infant's movements. This may well be a startling reflex type of movement, or the "entrainment" that is stated by Condon and Sander (3) . Synchrony in any motherinfant relationship depends on the ability of the infant to emit cues as to his status or his needs, on the sensitivity and responsiveness of the mother to the baby's cues, and also on the responsiveness of the infant to the mother's intervention (12) . These responsivenesses were shown in the mother and in the neonate at 1 day of age on our electronic computer analysis.
As the results of our study, the following four points are significant. (I) The sense of hearing in the infant. The neonate's body motion reacting to his mother's voice reveals that the neonate has a specific system to react to human voice. We consider that this reaction occurred in 17/64 when the neonate devoted his attention to listening, and that it did not occur when he had habituation. (2) A neonate can discriminate human voices from nonhuman sounds. Brazelton et al. (1) found that within the first few wk the human infant established differentiated behavioral set for interaction with objects and with persons. Our work showed that the discrimination of voice was established within only the first wk, and that a neonate can correlate his movement with the voice not only from his mother but also from a doctor and nurse, who had been taking care of the neonates. These phenomena exhibit the importance of early mother-infant contact as many other studies have shown (2, 5, 6, 8-1 1) . The substitution of a mother can be done by another experienced person. (3) Language acquisition. Our results suggest not only that the organization of the neonate's motor behavior reacts to and is synchronized with the organized speech behavior of adults in his environment, but that the neonate's movements influence adult speech. He participates developmentally through complex, sociobiologic reactions and entrainment processes in repetitions of linguistic forms long before he later uses them in speaking and communicating. It is interesting to consider that an infant learns the language modifying his genetic endowments by the language system in the outside world starting in his neonatal period. (4) Others. The use of our method as a neurophysiologic technique is raised, in order to study the rhythm of a living body and the reaction time. The possibility of using this method in the early diagnosis of some diseases is under consideration.
